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Abstract 
In the industrial CT detection systems, because of the restrictions of noises such as scattering noise, the 
traditional methods for CT reconstruction have high noise and low resolution, and cannot detect smaller flaws. So 
this paper has proposed using the algorithm of characteristic reconstruction to reconstruct the characteristic of object. 
About this algorithm, relying on the inner structure character of detected object, according to the character of 
wavelet function before and after RADON transform, the characteristic part of the image is reconstructed by pre-
filtering the projected data. Then some experiment show that the method can protrude the inner small flaw of 
detected object with the less sacrifice of the resolution of image background. 
© 2010 Published by Elsevier Ltd. 
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1.  Introduction 
The current mainstream of industrial CT reconstruction algorithms and evaluation criteria are mostly given for 
the ideal model. However, there are so many noise constraint conditions in the detection system of the industrial CT, 
such as scattering and so on .So the weak point of the traditional industrial CT are larger reconstruction image noise 
and lower resolution, generally not suitable for some of the smaller flaw (such as small cracks , porosity, etc.) for 
testing. We mainly enhance the detection indicators of the hardware system and improve reconstruction algorithm to 
accomplish improving the resolution of the detection system. Limiting by hardware system technological level of 
industrial CT systems and the price of hardware, in recent years, the research focuses are improving reconstruction 
algorithm to obtain a higher resolution of the detection system[1][2]. However, for the practical engineering (such as 
flaw of the component, and so on), while the system hardware keep the same, all the small flaw information are 
covered by noise in ray projection as the great effect of ray scattering. And the emphasizes of all the current 
industrial CT reconstruction algorithm are how to improve the entire quality of CT images, it makes the weekly 
information smoothed further, so traditional reconstruction algorithm for the whole system will not improve the 
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resolution markedly. This paper taking the view of flaw detection, according to the industry status of CT technology 
and the demand for industrial CT technique, using the properties of the wavelet function before and after the 
RADON transform, through the pre-filtering of the projection data, research the direct reconstruction target feature 
of the high resolution for industrial CT algorithm[3][4]. We direct reconstruct the feature position of the image 
without sacrificing too much background images resolution, highlight flaw feature which is inside the detected 
object, and improve the entire resolution of the detection system much better. 
2. DRTC-CT Basic Principles 
2.1 Problems of the Current Algorithm 
To improve the detection sensitivity and distinguish the small flaw which is inside the detected object, we 
usually highlight the feature of the image after reconstruction to highlight the small flaw position. However, there 
are some greater defects when we using it, mainly manifested in three aspects: 
1) As the projection process is actually a low-pass smoothing process, if we direct reconstruct the image 
without handling projection data, it will be hard to get a better high-frequency feature in the reconstructed image. 
2) As there are some noise in the projection data (usually are Gaussian white noises), after anti-Radon 
transform, there are also some noises in the reconstructed image. The more important thing is the white noise of the 
projection may change to the non-white noise that is inside the section after reconstruction, and bring larger 
difficulties when post-processing the image. 
3) It is much more difficult to design and implementation two-dimensional or three-dimensional filter than one-
dimensional filter. 
Since the existence of the shortcomings above, what is considered in this paper is if we can do a further 
processing or filtering for one-dimensional projection data before reconstruction, to achieve the purpose of 
reconstruction the two-dimensional handling. And because this method is using the one-dimensional filtering, its 
algorithm will be much simpler than the feature extraction of the two-dimensional. 
2.2 The convolution distribution property of the Radon Transform 
  Before we deduce the basic formulas of the DRTC-CT, the paper prove one of the important properties for the 
Radon transform first: when we make the Radon transform, the convolution of the two two-dimensional functions is 
equal to the convolution of two functions, we call it the convolution distribution property of the Radon transform in 
this paper. We prove it as: 
As we know, the image which is waiting for being built is ),( yxf , the projection under different visual 
angleM is )],([)( yxfRxp r  M , according to the Central Slice Theorem, we can get ),(ˆ MUF  by the one-
dimensional Fourier transform of the projection )( rxpM that is the projection for the ),( yxf under different visual 
angle. That is: 
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Hypothesis that there are two two-dimensional functions, they are ),( yxq and ),( yxs , while 
),(),(),( yxsyxqyxk  , we denote the two-dimensional Fourier transform of them as ),( yxQ ZZ ,
),( yxS ZZ and ),( yxK ZZ . On the basis of the formula (1), the Radon transform for the two functions can be 
expressed as: ( )( rxpkM represent the Radon transform of the ),( yxk function) 
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And the convolution of the Radon transform of the two functions can also be expressed as: 
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We can get this from the formula (2) and (3): 
)],([)],([)],(),([ yxsRyxqRyxsyxqR                                          ˄4˅
Prove over. 
2.3 DRTC-CT inference 
Inference from the basic formulas of the DRTC-CT, the paper proceed from the parallel beam reconstruction 
then extend to the case of fan beam and cone-beam. According to the basic formula of the filtered back-projection, 
we can get: 
),( yxf = ³ 
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In the formula, )()(),( rrr xhxpxg  MM , )( rxh is the filter used in the filtered back-projection algorithm.. 
Hypothesis that ),( yxw is the filter used for reconstruction image that comes from the two-dimensional 
transform (such as feature extraction), its two-dimensional Fourier transform denoted as ),( yxW ZZ . And we 
assumed the image that comes from the two-dimensional transform is ),( yxWf . So we get this with the formula 
(1): 
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In this formula, )( rxpMc represent the projection of the image ),( yxWf  obtained from the two-dimensional 
transform under different view angle I  that is the Radon transform of the ( , )Wf x y function. According to the 
convolution distribution property of the Radon Transform: when we make the Radon transform, the convolution of 
the two two-dimensional functions is equal to the convolution of two functions, so: 
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Take formula (7) into formula (6), we have: 
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In the formula: 
             )()],([)( rr xhyxwRxh  c                               ˄9˅
The physical significance of the formula (8) is: after reconstruction, the two-dimensional transform of the 
image can back-deduce the one-dimensional projection transform. The key is we make Radon transform to the two-
dimensional filter (transform) function, then filter the projection data, last achieve the purpose of handling the two-
dimensional image. 
For the mathematical meaning both sides of the equal sign are equal in the formula (8), but for the actual 
application process, as we reduce the noise and enhance for signal in the one-dimensional projection on the right 
side of the equal sign, it will not cause the accumulation of signal noise or the lose of high-frequency information in 
the follow-up Radon transform, so that the treatment effect of this method on enhancing the image features and filter 
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out noise will be much better than the method on the left side of the equal sign that is making Radon transform first 
and then handling the two-dimensional image. This is the theoretical basis of this paper on DRTC-CT study. 
ǃ
2.4 The implementation algorithm of the DRTC-CT 
Account to some of the characteristics the wavelet function will have after Radon Transform, the paper will use 
wavelet function for the feature extraction. Now we introduce the concept of the wavelet first. 
Wavelet is a function or signal ( )x\  in the function space 2 ( )L R  that satisfy the following condition: 
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In the formula, 
* {0}R R   represent all the non-zero real number. For any real number pair ( , )a b , the 
parameter a  must be a non-zero real number, the form of the function is: 
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It can be called continuous wavelet function which is generated by wavelet parent function and depend on the 
pair parameter ),( ba , for short we call it wavelet. In the parameter, a is the scale parameter and b  is location 
parameter. With the reduction of the parameter a , the support area of )(, xba\  will also become narrow, increase the 
locality, while the frequency spectrum of )(, Zba< become broad to the high frequency tip, decrease the locality, and 
vice versa. This achieve self-adaptive changes the size of windows, when the signal frequency increases, the width 
of the time window decrease, but the width of the frequency window increase, to fit for testing the rapidly changing 
signals and improve the resolution of the time domain, and vice versa. 
Hypothesis that there’s a two-dimensional wavelet parent function ),( yx\ , then the function should satisfy: 
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If we use wavelet function for characteristic processing of the reconstructed image, then the image after 
processing is: 
),(),(),( yxyxfyxWf \                      ˄13˅
Base on formula (8), we can back-deduce the field from two-dimensional transform to one-dimensional 
transform: 
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What we can see from formula (14) is to study the basic algorithm of feature CT reconstruction, )( rxMJ is
crucial, that is the property of the Radon transform )],([ yxR\  of the wavelet function under a certain angle. From 
the reference documents [6], we can get: 
),()]},([{1 yxyxRF ZZ\ <                                       ˄15˅
Enter it into formula (12), now we can get:  
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According to the low of conservation of the signal energy, Fourier transform just change the description space 
of the signal, but not change the energy of the signal. By formula (16) we can introduce: 
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In the formula: )(ZM8 represent the frequency domain description of the wavelet function of the Radon 
transform )],([ yxR\  under a fixed angleM . From formula (14) and formula (17) we can obtain two conclusions: 
(1) use wavelet function to improve convolution back-projection filter )()( rr xhx MJ , it relate to rotate angle, and 
it’s a function of the rotate angle M ; (2) under a certain fixed angle M , Radon transform of the wavelet 
function )],([ yxR\ is a wavelet transform too, as it satisfy formula (17). Based on the above conclusion, and 
considering the Radon transform is a linear transformation, we can further describe formula (14) as: 
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Therein: )(),( rba xQ is a one-dimensional wavelet function which has the same feature with the tow-dimensional 
wavelet function ),( yx\ .
The physical significance of the formula (18) is very important, it describes: two-dimensional wavelet 
implement the feature extraction of the reconstruction image, and can be achieved by using the one-dimensional 
wavelet transform which has the same characteristics that the two-dimensional wavelet also has. In other words, 
firstly make the wavelet transform for the projection data, then back- projection the transformed data, we can get the 
same purpose that the two-dimensional wavelet deal with. 
3. Specific application and experimental results of DRTC-CT 
3.1 Simulation experiment 
The derivation theories and formulas above indicate that, if we want to achieved the image feature extraction 
after reconstruction (such as borderline, background, partial structure and so on), just choose one-dimensional 
wavelet that has the same characteristics the two-dimensional wavelet has, using this wavelet to filter the one-
dimensional projection data and then reconstruct it, we can get the same result that the two-dimensional wavelet do. 
And as we have restrained the noise before reconstruction, the effect of the image feature extraction after 
reconstruction will be much better when take the method in this paper. 
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˄a˅original image (b)image with noise (c)decrease noise after 
reconstruction 
(d) decrease noise 
before reconstruction 
Fig 1 Decrease noise reconstruction comparison 
In Fig 1, (a) is the original image, (b) is the image added white Gaussian noise its variance is 0.01, (c) is the 
image that decrease noise by the two-dimensional wavelet after reconstruction, (d) is the image that using algorithm 
in this paper, that is directly decrease noise before reconstruction.  
Table 1 SNR (calculation with mean ratio standard deviation) 
 image with noise 
decrease noise  
after reconstruction 
directly decrease noise 
 before reconstruction 
SNR 30.42 56.62 85.37 
From Fig 1, we can see easily that both of the methods can achieve the purpose of noise reduction. Both of 
them take the same method of filter noise, but the method that decrease noise after reconstruction makes the 
reconstruction image vaguer, the method that directly decrease noise before reconstruction makes the reconstruction 
image clearer. These have been fully explained in the previous. Comparing both of the methods and making a 
further analysis on signal-to-noise ratio (SNR), the results of decrease noise are list in Table 1. It’s very obvious that 
direct decrease noise before reconstruction gets a better signal-to-noise ratio. 
3.2 High frequency retention performance analysis experiment of DRTC-CT 
This paper use wavelet parent function as the first order partial derivative of the smooth function to test the 
performance of the algorithm on feature extraction of the reconstruction image (also can be used to test 
reconstruction results of the other features), as the Fig 2 shown: 
˄a˅reconstruct image (b)edge detection after 
reconstruction 
(c)directly reconstruct the 
edge 
Fig 2 Results comparison of reconstruction simulation component 
In Fig 2, (a) is the directly reconstruct image of the simulation component, (b) is the result image that edge 
detection after reconstruction from (a), (c) is the image that has been directly reconstruct the edge feature. The paper 
further analysis the results of the simulation building experiment, and show it in Table 2. 
Table 2 results analysis on the simulation component experiment 
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˄unit˖pixel˅ edge pixel Radius of round 1 Radius of round 2 Radius of round 3 
Original image data / 90 30 10 
Edge detection 
after reconstruction
4 91.5 31.5 11.5 
directly reconstruct
the edge 
2 90.05 30.05 10.05 
From Fig 2, comparing with the wavelet edge detection after reconstruction, the method of directly reconstruct 
the edge features can reconstruct the edge features more effectively. We can also find out from Fig 2 that the method 
of direct reconstruction the edge features can obtain more accurate size of the edge and component internal parts 
than the method that detect edge after reconstruction. That is because the slice image will appear a problem of edge 
degradation in the process of projection and reconstruction, direct reconstruction the edge features in the process of 
reconstruction can effectively weaken the edge degradation, so the fidelity of the size of reconstructed CT image is 
higher, it has a very important significance in size Measurement of the high-precision CT image. 
3.3 DRTC-CT reconstruction experimental of the real workpiece 
According to the propagation characteristics of the noise and the edge on different scale, as the scale increases, 
the modulus maximum of the noise will attenuate quickly, but the modulus maxima of the edge won’t; base on 
distribution characteristics of the wavelet coefficients, the performance of the noise is a secondary coefficient in 
large scale, so the paper use the spline biorthogonal wavelet (bior3.3) to track the important coefficients, for 
detecting the edge accurately when the noise is restrained effectively. Taking a certain type of motorcycle engine as 
the experimental object, taking the fault edge features (can be popularized to test other characteristics) as the testing 
target, go on the experiment to verify the reconstruction algorithm of DRTC-CT, the experimental results shown in 
Figure 3. 
    
    (a) the real slice                (b) edge detection for (a)          (c) directly reconstruct edge 
Figure 3 contrast the reconstruction results of the real work-piece 
In the fig 3, (a) represent a slice reconstructed image of the real work-piece, (b) represent the result image 
obtained from direct detection of the slice edge, (c) represent the image that use DRTC-CT algorithm to directly 
reconstruct edge. As we can see from Fig 3, DRTC-CT algorithm that this paper proposed can effectively reconstruct 
the fault edge feature of the real work-piece, compared with conventional CT algorithm it can restrain the noise and 
refinement the edge more effective, so greatly improve the detection precision. 
4. Conclusion 
The direct reconstruction target feature of the CT algorithm is defined as a CT reconstruction algorithm that 
highlights the target feature, the purpose of the reconstructing the image is not to make the quality of the whole 
image best looking, but from the point of reconstructing the interested feature of the image, to make the 
reconstruction image most useful. By theoretical and Formula derivation, the results of the real reconstruction show 
that, using the direct reconstruction target feature of the CT algorithm, we can directly reconstruct to obtain the 
feature of the tested work-piece such as the edge feature and so on, compared with conventional CT algorithm its 
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ability of restraining noise is more powerful, and much more improved the detection precision of the system, this CT 
technology extremely suitable for industrial flaw detection, reverse technology, the reconstruction of interested parts 
and the three-dimensional hollow out design etc, and have the value of popularize and apply. 
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